Hydrolysates with antioxidant and antihypertensive activities were obtained from sarcoplasmic proteins of canned sardine by-product and proteases extracted from Brewer's spent yeast. Using response surface methodology, hydrolysis time and temperature were selected to achieve the maximum bioactivity. Hydrolysates produced using the substrate/enzyme ratio 1:0.27 (mg/U), 7 h and 50ºC, presenting an angiotensin I-converting enzyme-inhibitory activity of 164 µg protein/mL and an antioxidant activity of 293 μM TE/mL. Experimental results agreed with predicted values within a 95% confidence interval. Within this work the simultaneous valorisation of two agro-industrial by-products was successfully achieved.
Introduction
Sardine (Sardina pilchardus) is the main species caught off the Portuguese cost. The vast majority of it is used in the canned sardine industry. Its by-products include head, tail, viscera, and muscle around the head. Although this waste is an excellent source of proteins, it is usually processed into low market-value products, namely, fish meal and fertilizers. Therefore, improving the value of this underutilized by-product is of major interest. [1] One potential application is the production of sardine protein hydrolysates (SPH) with improved physicochemical, functional, and sensorial properties when compared with the intact proteins. [2, 3] Additionally, SPH may contain bioactive peptides with a broad spectrum of pharmaceutical, cosmetic, and food industry applications. [4] [5] [6] The biological properties of sardine bioactive peptides, and their use as antioxidant, antihypertensive, antithrombotic, immunomodulatory, antimicrobial agents are now a major field of study as reviewed recently by various authors. [1] To date SPH have been produced by (1) in vitro enzymatic hydrolysis (Alcalase, [2, [7] [8] [9] [10] [11] Protamex, [8] Flavourzyme [8] ); (2) autolytic process using endogenous enzymes (crude enzyme extract from sardine viscera); [7, 10, 11] (3) microbial fermentation (crude enzyme preparations from Bacillus licheniformis NH1; [10, 11] Aspergillus clavatus ES1, [10, 11] Bacillus pumilus A1, [12] Bacillus mojavensis A21); [12] (4) simulated gastric digestion (pepsin, [13] trypsin, [9] chymotrypsin; [10] trypsin from skipjack tuna (Katsuwonus pelamis) spleen, [14] hepatopancreas of cuttlefish (Sepia officinalis). [7] Enzymatic hydrolysis is the most widely used method, although the high cost of enzymes can make this an expensive process. Additionally, optimization of variables such as type of protease, pH, temperature, time, substrate concentration, and enzyme-to-substrate ratio are required to influence the extent of hydrolysis and the functionalities of the final SPH. [15] Response surface methodology (RSM) has been successfully used to investigate the effect of these independent variables, alone and in combination, on enzymatic processes. [15] Brewer's spent yeast (BSY; Saccharomyces pastorianus) is the second major by-product from brewing industry and is usually used as a feed supplement after heat inactivation. [16] However, before thermal inactivation it can be an excellent source of proteases, which can be used to obtain protein hydrolysates with optimum activity at pH 6. [17] In this work, sarcoplasmic sardine proteins extracted from canned sardine by-products were used as substrate to obtain hydrolysates. These proteins are soluble in water, present isoelectric point around 5.0-5.5, and have low molecular weight (40-70 kDa). [18, 19] Protein hydrolysis was performed using proteases extracted from BSY. The optimum time and temperature conditions required to produce SPH with both antioxidant and angiotensin I-converting enzyme-inhibitory (ACE-I) activities were studied. Hydrolysis was monitored by chromatography and electrophoresis. No previous studies were found describing the use of proteases extracted from BSY for SPH production. Furthermore, as far as the authors are aware, this is the first work where RSM methodology is used to optimize the best hydrolysis conditions to obtain in tandem two biological properties in SPH, antioxidant and ACE-I activities. This work contributes to obtain added-value for two industrial by-products.
Material and methods

Standards and reagents
Acetonitrile high-performance liquid chromatography (HPLC) grade, trifluoroacetic acid (TFA); Folin-Ciocalteu phenol reagent; 2,4,6-trinitrobenzenesulfonic acid (TNBS); L-leucine; iron (III) chloride hexahydrate; potassium ferrcyanide; 2,4,6-tripyridyl-s-triazine (TPTZ); commercial angiotensin-I-converting enzyme (ACE; EC 3.4.15.1, 5.1 U/mg); molecular weight standards from 14 to 97 kDa for sodium dodecyl sulphate gel polyacrylamide electrophoresis (SDS-PAGE) separations; bovine serum albumin (BSA); and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) were obtained from Sigma-Aldrich (St. Louis, MO, USA). The ultrafiltration membranes 10 kDa were purchased from Millipore (Sigma-Aldrich) and o-aminobenzoylglycyl-p-nitro-phenylalanylproline (o-ABz-Gly-Phe(NO 2 )-Pro) was purchased from Bachem Feinchemikalien (Bubendorf, Switzerland).
Equipment
The reverse-phase (RP)-HPLC analyses were carried out using an analytical HPLC system (Jasco, Tokyo, Japan) equipped with a quaternary low pressure gradient HPLC pump (Jasco PU-1580), a degasification unit (Jasco DG-1580-53 3-line degasser), an autosampler (Jasco AS-2057-PLUS), a MD-910 Multiwavelengh detector (Jasco) and a 7125 Rheodyne injector valve (California, USA). Data acquisition was accomplished using Borwin Controller software, version 1.50 (JMBS Developments, Le Fontanil, France). The SDS-PAGE separations were achieved in a Multiple Gel Casters Hoefer ® (Holliston, MA), Rect., Mightly Small For 8 × 9 cm Gels Hoefer ® apparatus, coupled with a UniEquip Unipack 2000 electric source (UniEquip, Munich, Germany). Spectrophotometric analyses were carried out using a BMG LABTECH's SPECTROstar Nano-microplate, cuvette ultraviolet-visible (UV/Vis) absorbance reader (Offenburg, Germany). Fluorimetric analyses were carried out using a fluorescence microplate reader (FLUOstar Optima, BMG Labtech GmbH). Samples were freeze-dried with a Telstar freeze dryer, Cryodos-80 model (Terrassa, Spain).
By-products
Flesh sardine by-product including head, scale, skin, blood, bone, viscera, and muscle tissue was provided by the Portuguese company Conservas Ramirez (Matosinhos, Portugal). Approximately 1 kg of this by-product was placed on ice during the transportation to the laboratory and prepared in the same day under refrigerated conditions. BSY (Saccharomyces pastorianus) was supplied as slurry by the brewing industry Unicer (Leça do balio, Portugal). This by-product was collected in transparent glass bottles, transported to the laboratory under refrigerated conditions and stored at 4ºC until preparation procedure (1 day maximum).
Preparation of the sardine sarcoplasmic protein extracts (SPE)
The whole muscle (ordinary and dark) removed manually from sardine by-product was used for extraction of sarcoplasmic proteins, according to the method of Ren et al. [18] with slight modifications. The sardine muscle tissue was washed twice with deionized water and mixed with 0.2 M phosphate buffer pH 6.0, ratio of 1:3 (w/v). The mixture was homogenized using an Ultra-Turrex grinder, 2 min in an ice bath. Then, the homogenate was heated at 85ºC for 20 min to inactivate endogenous enzymes and subsequently centrifuged at 16,000 × g for 20 min, at 4°C. The upper lipid phase was removed manually and discarded; the supernatant was collected and filtered through a Whatman No. 4 filter paper. The final clear supernatant was coded as sardine SPE. The pH of this extract (pH 6.25) was adjusted to pH 6.0 by adding 0.2 N HCl, with constant agitation. The protein concentration of SPE, determined by Lowry method, [20] was 2.40 mg/mL. This extract was keep at -20ºC until used; the storage time was not more than 1 month.
Extraction of BSY proteases
Saccharomyces cell wall was destroyed under refrigerated conditions to minimize enzyme denaturation and obtain a protease rich extract. First, the biomass was washed three times with 0.2 M phosphate buffer pH 6.0 at a ratio 1:3 (w/v) and centrifuged at 5000 × g, 5 min, 4ºC, between each wash. Afterwards, cell wall was destroyed with glass beads at a ratio 1:1:1 (biomass: phosphate buffer pH 6: glass beads; w/v/w) by vortexing 10 times (1 min each) with 1 min cooling intervals on ice. Glass beads were removed and the homogenate was centrifuged at 12,000 × g, 40 min, 4ºC. The resulting clear supernatant was freeze-dried, resuspended in the same buffer (25% of the initial volume) and concentrated using a UF membrane with cut-off of 10 kDa. The protease activity of BSY extract, performed according to Cupp-Enyard, [21] was 0.725 U/mL. BSY proteases were keep at -20ºC until used.
Enzymatic hydrolysis
SPE (containing 2.40 mg protein/mL) was hydrolyzed by BSY proteases (0.725 U/mL) using a substrate/enzyme ratio of 1:0.27 (mg/U) and pH 6. For example, considering a reaction volume of 1 mL, for each 500 µL of SPE (substrate), 450 µL of BSY proteases were added; the remaining volume of 50 µL was 0.2 M sodium phosphate buffer, pH 6.0. Triplicate hydrolysis were performed, using 2 mL eppendorf tubes, in a shaking incubator with constant agitation (200 rpm) at different temperatures and times, according to the experimental model described below. Control [S+E] was the mixture of SPE and BSY proteases before hydrolysis. Inactivation of proteases to stop reaction was performed by heating at 95ºC for 15 min. [22] The hydrolysates were cooled on ice and centrifuged at 3000 × g at 4ºC for 10 min. The clear supernatants, containing soluble peptides and coded as H1 to H13, were collected and stored at -20ºC for further analysis.
Hydrolysis rate (HR %)
RP-HPLC using the chromatographic conditions described by Ferreira et al. [23] were used to follow protein degradation during hydrolysis. The column was a Chrompack P 300 RP (polystyrenedivinylbenzene copolymer, 8 µm, 300Å, 150 × 4.6 mm i.d.; Middleburg, The Netherlands). HR % was based on the measurement of protein fraction that remains intact, for this purpose the peak area of the protein fraction that eluted between 24 and 33 min was measured. The peak area of [S+E] protein fraction before hydrolysis was the maximum intact protein. The following equation was applied: HR % ð Þ ¼ 100 À peak area of protein fraction after hydrolysis peak area of protein fraction before hydrolysis Â 100 (1)
Protein recovery (PR %) and percentage of peptides formed PR % was calculated as the amount of protein, determined by Bradford [24] method, in the hydrolysate in comparison with the initial amount of protein, using the following equation: PR % ð Þ ¼ 100 À protein content after hydrolysis protein content before hydrolysis Â 100 (2) Additionally, the percentage of peptides formed in the hydrolysates was measured by subtracting the protein content evaluated by Bradford method [24] to the total protein including peptides evaluated by Lowry method, [20] using the following equation:
For both assays, a calibration curve was performed with 2 mg/mL BSA and samples were analysed in triplicate.
Degree of hydrolysis (DH %)
DH % was determined by measuring the increase in free amino groups, using a picrylsulfonic acid solution (TNBS), according to Hsu et al., [25] α-amino acid group was expressed in terms of L-leucine and the DH % was determined as follows:
where (L t ) was the amount of R-amino acid released at time (t); (L 0 ) was the amount of R-amino acid in original SPE, and (L max ) was the maximum amount of R-amino acid in SPE obtained after acid hydrolysis. For (L max ) determination, SPE (500 µL) was mixed with 4.5 mL of 6 N HCl and the hydrolysis was run at 100°C for 24 h. Then, final acid-hydrolyzed sample was filtered through Whatman paper no. 1 to remove the non-hydrolyzed fragments and the supernatant was neutralized with 6 N NaOH before amino acid determination.
Ferric reducing ability (FRAP)
The measurement of the FRAP was performed based on Jansen and Ruskovska [26] procedure, slightly modified. Briefly, 25 μL of sample/standard/control (pure water) and 200 µL of working FRAP reagent were pipetted in the microplate in triplicate. After that, the reaction mixture was incubated for 90 min at 37°C, under constant agitation (200 rpm). The absorbance was measured at 600 nm. Trolox was used as a standard at 50-500 μM to generate a calibration curve (average R 2 = 0.9929).
Results were expressed as mean values ± standard deviations as µM TE (Trolox equivalent)/mL SPH.
Reducing power method
Reducing power was measured according to the assay reported by Almeida et al. [27] slightly modified. Briefly, 250 µL of SPH samples/control (pure water) were mixed with 250 µL of sodium phosphate buffer (200 mM, pH 6.6) and 250 µL of potassium ferricyanide 1% (w/v). The mixture was incubated at 50ºC for 20 min, and 250 µL of cold TCA 10% (w/v) was added to stop the reaction.
Eppendorfs were centrifuged at 650 rpm, 10 min. Then, 500 µL of supernatant was incubated with 500 µL of deionized water and 100 µL of ferric chloride 0.1% (w/v). After 10 min reaction, the absorbance was measured at 700 nm. Reducing power values were expressed as µg/mL.
Angiotensin-converting enzyme-inhibitory (ACE-I) activity
Angiotensin-converting enzyme-inhibitory (ACE-I) activity was measured using the fluorimetric assay of Sentandreu and Toldrá [28] with the modifications reported by Quiros et al. [29] ACE inhibitory percentage (I %) was calculated using the equation:
where B is the fluorescence of the ACE solution without the inhibitor (SPH); A is the fluorescence of the tested sample of SPH; and C is the fluorescence of experimental blank, o-ABz-Gly-Phe(NO 2 )-Pro dissolved in 150 mM Tris-base buffer (pH 8.3), containing 1.125 M NaCl. The percent inhibition curves (using a minimum of five determinations for each sample peptide concentration) were plotted versus peptide concentration to estimate the mean IC 50 value, which is defined as the concentration required to decrease the ACE activity by 50%. [29] 
SDS-PAGE
Proteolytic degradation of sardine sarcoplasmic proteins was monitored by SDS-PAGE analysis. Separation gels consisted of a 4% polyacrylamide stacking gel and a 15% polyacrylamide resolving gel and were performed according to Laemmli [30] protocol. Molecular weight proteins were phosphorylase β (97 kDa), BSA (66 kDa), ovalbumin (45 kDa), carbonic anhydrase (30 kDa), trypsin inhibitor (20 kDa), and lysozyme (14 kDa). Coomassie brilliant blue R-250 was used. The protein pattern separated on SDS-PAGE was estimated for its molecular weight by plotting the logarithm of molecular weight of the protein standards against relative mobility (Mr).
SPH amino acid composition
SPH presenting highest FRAP and ACE-I activities was lyophilized and amino acid analysis was performed after hydrolysis with 6 M HCl at 110ºC for 24 h. Derivatization and gas chromatography mass spectrometry (GC/MS) carried out according to Pérez-Palacios et al. [31] Amino acid composition was expressed as grams per 100 g of protein.
Experimental design, modeling, and optimization of hydrolysis conditions 
Statistical analysis
The data obtained for others assays were done by using SPSS statistical software, version 20.0 (SPSS Inc., Chicago, IL, USA). One-way analysis of variance and Duncans' test was performed to determine the significant differences at the 5% probability level. A Pearson's correlation was also used to search for correlations between the parameters under study; 1% level was considered to be significant. The t-test was conducted to compare the responses prepared under optimized conditions with those predicted by models.
Results and discussion
Preliminary experiments were conducted by univariate method to study the pH variation during hydrolysis, as well as, the influence of substrate/enzyme ratio (1:0.10, 1:0.15, 1:0.20, 1:0.25, and 1:0.30 [mg/U]) on hydrolysis of SPE. Reactions were performed at constant temperature (37ºC), while stirring at 200 rpm for 4 h. When the initial pH was 6 it remained in the range of 5.8 to 6.5 during the entire hydrolysis period. For this reason it was decided not adjust pH during SPE hydrolysis. From an industrial point-of-view, hydrolysis carried out without any pH adjustment is economically desirable. [21] Regarding to substrate/enzyme ratio, 1:0.10 (mg/U) and 1:0.15 (mg/U) gave a significantly lower HR %, whereas no significant differences were found (p > 0.05) on the HR % obtained from hydrolysis using 1:0.250 and 1:0.30 mg/U. As a result, the ratio 1:0.27 mg/U was chosen, as it is the same reported by Bougatef et al. [11] The RP-HPLC profiles of sarcoplasmic proteins plus BSY proteases [S+E] without hydrolysis, and two different SPH, one presenting HR = 9.3 % (25ºC, 1.50 h), and another presenting HR = 83% (50ºC, 7.00 h) are shown in Fig. 1 . The RP-HPLC chromatograms are divided into three fractions: "Less hydrophobic peptides" (eluted between 4 and 12 min); "hydrophobic polypeptides" (eluted between 12.1 and 23.9 min) and "proteins" (eluted between 24 and 33 min). HR % determination was based on the measurement of "proteins" fraction before and after hydrolysis. . RP-HPLC chromatograms are divided into three fractions: "less hydrophobic peptides" (eluted between 4 and 12 min); "hydrophobic polypeptides" (eluted between 12.1 and 23.9 min) and "proteins" (eluted between 24 and 33 min). Hydrolysis rate (HR%) determination was based on the measurement of "proteins" fraction before and after hydrolysis.
Optimization of hydrolysis conditions
Optimization of the variables affecting the antioxidant and antihypertensive activity of hydrolysates was carried out using a statistical design, by CCD. The experiments were performed in a random manner at different combinations of temperature (X1) and time (X2). The HR % (Y1), FRAP (Y2), and ACE-I activity (Y3) of SPH obtained by BSY proteases were used as responses factors for CCD (Table 1) . Regression analyses were performed to fit the response functions. The parameters of the Eqs. (6) (7) (8) were explained by a quadratic model for each response and are presented as follows:
Y1 ¼ À20:3 þ 0:290:X1 þ 4:70:X2 þ 0:0683:X1:X2 þ 0:0185:X1 2 À 0:291:X2 2
Y2 ¼ 279 À 2:50:X1 À 10:2:X2 þ 0:406:X1:X2 þ 0:0340:X1 2 À 0:423:X2 2
Y3 ¼ À78:4 þ 12:5:X1 þ 49:8:X2 À 0:299:X1:X2 À 0:165:X1 2 À 4:48:X2 2 (8) where Y is the predicted response; X1 the uncoded value of variable temperature (ºC) and X2 the uncoded value of variable time (h). Adequacy and significance of the quadratic model was evaluated by analysis of the variance (ANOVA) by means of Fisher's f-test. The quadratic models were validated by two diagnostic residuals, the squared correlation coefficient (R 2 ) and the predictive squared correlation coefficient (Q 2 ). Values of R 2 > 0.75 and Q 2 > 0.60 indicate adequacy of models. [32] The R 2 for checking the fitness of model was very good (relatively close to 1), indicating that models explained 98.6, 98.4, and 95.3% of the variation on the HR, FRAP, and ACE-I activity of sardine sarcoplasmic proteins, respectively. The Q 2 -values were, respectively, 0.9738, 0.9516, and 0.9804 for the three responses, indicating the goodness of the model. The "Adeq Precision" was higher than 4 (as desirable) for the three responses, indicating an adequate signal-to-noise ratio. The statistical analysis also showed that the "lack of fit" was not significant (p > 0.05), which confirmed the adequacy of model to describe the experimental data and for the prediction of the three studied parameters. The independent variable X1 had a significant effect on Y1, Y2, and Y3 (p < 0.05); X2 had significant effect on Y1 and Y2 (p < 0.05), but not on Y3. The interactions between X1.X2 influenced Y2 and Y3 (p < 0.05).Therefore, this model proved to be powerful for navigating the design space and describes the dependence of HR %, FRAP, and ACE-I activity on temperature and time. 
Analysis of response surfaces
Contour plots were employed to study the influence of temperature (ºC) and time (h) on HR %, FRAP and ACE-I activity. HR % increased with the increasing of time and temperature (Contour plot A, Fig. 2 ). The minimum predicted value of HR % (7.4%) was observed at 25ºC and 1.50 h, while the maximum predicted value of HR % (83%) was observed at 50ºC and 7.00 h. Extensive time of hydrolysis and high temperatures also enhanced the FRAP value of SPH (counter plot B of Fig. 2 ). The minimum predicted FRAP value was 217 µM TE/mL, observed at 25ºC and 7.00 h; whereas the maximum predicted FRAP value was 289 µM TE/mL found at 50ºC and 7.00 h. Similar behavior was observed for HR % and FRAP, thus the extension of proteolysis is favorable to enhance the antioxidant properties of SPH. Concerning to ACE-I activity, the IC 50 increased near to the centre point design and decreased for higher temperature and extensive time of hydrolysis (counter plot C, Fig. 1 ). Lower IC 50 value (160 µg/mL), which means higher ACE-I activity was observed when hydrolysis was performed at 50ºC and 7.00 h.
Validation of the RSM model
The optimal hydrolysis conditions to produce a SPH with the highest FRAP and minimum IC 50 was generated following desirability approach. Thus, the optimal conditions to obtain maximum antioxidant and ACE-I activity were hydrolysis temperature of 50ºC and hydrolysis time of 7.00 h. Under these conditions, the predicted antioxidant activity was 289 µM TE/mL and the IC 50 was 160 µg protein/mL. The desirability analysis in identifying the optimal conditions by the RSM was 99.2%. Results showed that there is no statistically significant difference between the experimental and estimated values within a 95% confidence interval. Thereby, the adequacy of the models in predicting the optimum hydrolysis conditions for SPH production using proteases from BSY was confirmed.
Characterization of SPH obtained under optimum conditions
Comparison of antioxidant activity of [S+E] mixture before hydrolysis and of SPH obtained under optimum conditions was performed by FRAP and by reducing power, since both methods have been widely used to screen antioxidant activity of protein hydrolysates. The FRAP value of [S+E] mixture before hydrolysis was 146 µM TE/mL, whereas for SPH it increased to 291 µM TE/mL. This value is comparable to that exhibited by protein hydrolysates derived from threadfin bream surimi byproducts (221 µM TE/mL). [33] With respect to reducing power, [S+E] mixture before hydrolysis presented 1210 µg/mL, whereas SPH presented 1312 µg/mL. These results were comparable to those obtained for bigeye tuna protein hydrolysates, which ranged between 948 and 12500 µg/mL. [34] The ACE-I activity of [S+E] mixture before hydrolysis was IC 50 604 µg/mL, whereas SPH presented an IC 50 of 164 µg/mL, which is comparable to the IC 50 described in literature for other fish protein hydrolysates. Matsui et al. [35] describe IC 50 of 260 µg/mL for sardine hydrolysates prepared using 0.3% Alcalase ® at pH 9, 50ºC for 17 h and Cinq-Mars and Li-Cha [15] reported a Pacific hake fillet hydrolysate with IC 50 of 165 µg/mL, by incubation with 3.0% Protamex ® at pH 6.5, 40ºC for 125 min.
Electrophoresis was performed to characterize the larger fragments resulting from proteolysis. SDS-PAGE of control sample (S+E) showed bands in the range of 51 to 12 kDa (Fig. 3) . These fractions are in agreement with the SDS-PAGE patterns of sardine sarcoplasmic proteins described by other authors. [36, 37] The most abundant bands were 51, 47, 45 kDa (probably actin), 41-39 kDa a doublet band (probably from creatine kinase and aldolase), and 39-41 kDa band probably from glyceraldehyde-3-phosphate dehydrogenase. Additional bands were found at 17 and 15 kDa. [37] The last one could be from myoglobin, as observed by Chaijan et al. [3] Finally, two protein bands, at 13 and 12 kDa could be parvalbumins. [37] Some myofibrillar proteins (90 kDa band) were also extracted. SDS-PAGE analysis indicates that under prolonged time and increased temperature of hydrolysis, 50ºC, 7.00 h, sardine sarcoplasmic proteins were extensively hydrolyzed. These results are in agreement with the results from assays that evaluate the extension of hydrolysis or the peptides formation, since this SPH presented HR % of 83, DH% of 14, PR % of 86 and % of peptides formed 63%. Low-molecular-weight peptides are widely recognized as presenting higher antioxidant and ACE-I activities, but the amino acid composition of peptides is also a crucial aspect. ACE-I peptides usually contain a proline residue at the carboxyl terminal end, whereas amino acids such as tyrosine, tryptophan, histidine, methionine, and lysine have been known to exhibit antioxidant activity. [4] Amino acid analysis of SPH revealed that it is rich in glutamic acid, glutamine, aspartic acid an alanine, which accounted for 18.01, 12.41, 10.48, and 8.98% of the total amino acids, respectively. It also presents relatively high content of hydrophobic amino acids, such as proline (3.14%), leucine (5.58%), glycine (4.20%), isoleucine (2.20%), phenylalanine (3.16%), and valine (4.23%) and contained amino acids that exhibit antioxidant activity, such as, tyrosine (2.04%), histidine (5.80%), methionine (2.22%), and lysine (2.58%); tryptophan was not determined due to the acidic hydrolysis conditions.
Conclusions
Sardine sarcoplasmic proteins were hydrolysed by the proteases extracted from BSY to obtain hydrolysates with antioxidant activity and ACE-I activity. Hydrolysates produced using the substrate/enzyme ratio 1:0.27 (mg/U), 7 h and 50ºC presented an antioxidant activity of 290 μM TE/mL and an ACE-I activity (IC 50 ) of 164 µg protein/mL. These experimental FRAP and IC 50 values agreed with the predicted values (289 μM TE/mL and 160 µg protein/mL, respectively) within a 95% confidence interval, suggesting a good fit between the models and the experimental data. Thus, RSM was an efficient statistical tool in the optimization of hydrolysis conditions. SPH presents relatively high content of hydrophobic amino acids, such as proline, leucine, glycine, isoleucine, phenylalanine and valine, and amino acids that exhibit antioxidant activity, such as, tyrosine, histidine, methionine, and lysine. Further work should be done to test antioxidant activity of this hydrolysate in vivo, as well as isolate and identify the specific peptides that are responsible for these bioactive properties.
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